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Recently, the BES collaboration observed a broad resonant structure X(1576) with a large width
being around 800 MeV and assigned its JPC number to 1−−. We show that the isospin of this
resonant structure should be assigned to 1. This state might be a molecule state or a tetraquark
state. We study the consequences of a possible K∗(892)-κ¯ molecular interpretation. In this scenario,
the broad width can easily be understood. By using the data of B(J/ψ → Xpi0) ·B(X → K+K−),
the branching ratios B(J/ψ → Xpi0) · B(X → pi+pi−) and B(J/ψ → Xpi0) · B(X → K+K−pi+pi−)
are further estimated in this molecular state scenario. It is shown that the X → pi+pi− decay mode
should have a much larger branching ratio than theX → K+K− decay mode has. As a consequence,
this resonant structure should also be seen in the J/ψ → pi+pi−pi0 and J/ψ → K+K−pi+pi−pi0
processes, especially in the former process. Carefully searching this resonant structure in the J/ψ →
pi+pi−pi0 and J/ψ → K+K−pi+pi−pi0 decays should be important for understanding the structure
of X(1567).
PACS numbers: 12.39.Mk, 13.25.-k
Recently, the BES collaboration analyzed the J/ψ →
K+K−π0 decay, and found a broad resonant structure
in the K+K− invariant mass spectrum. The pole posi-
tion of the resonant structure is 1576+49+98−55−91− i409+11+32−12−67
MeV, the JPC number is 1−−, but its isospin has not
been assigned yet [1]. They also claimed that this broad
structure (refer to X(1576) in the rest of the text) cannot
be explained as any known mesons or their mixing states.
Although the contribution from the subthreshold ρ may
give a significant influence on the partial wave analysis
of the J/ψ → KK¯π decay [2], the inclusion of this ρ
state or even other mesons cannot remove the resonant
structure at 1576 MeV and meanwhile will produce large
systematic errors [1].
An important character of X(1576) is that the width
of about 800 MeV is much larger than the width of any
known vector mesons. The PDG data [3] show that the
largest width of vector meson, for instance the width of
ρ(1450), is about 400 MeV. In the two-body decay pro-
cess, a JP = 1−− vector meson could decay either into
two JP = 0− mesons or into one JP = 0− and one
JP = 1± (or JP = 2+) mesons. In these decays, the de-
cay width of the 1−− meson would not be very large due
to the P wave suppression in the former case and due to
the phase space suppression in the later case. Therefore,
it is difficult to find a proper place in the conventional qq¯
meson spectrum for such a particle. The X(1576) state
cannot be a glueball state because a vector glueball con-
sists of at least three gluons and the lattice calculation
showed that the mass of the vector glueball should be
about 3.8 GeV [4]. The large width of X(1576) prohibits
it to be assigned as a hybrid. A flux tube model cal-
culation showed the total width of the favorable decay
modes of a 1−− hybrid at 2 GeV is much smaller than
800 MeV [5]. Besides, one argued that the width of a
1−− hybrid decaying into KK¯ vanishes [5]. It means
that X(1576) found in the K+K− invariant mass spec-
trum cannot be assigned as a vector hybrid. The width of
X(1576) is consistent with the argument that the width
of a multi-quark state who is falling apart should be at
least 500 MeV [6]. Thus, the room left for X(1576) is the
tetraquark state and the meson-meson molecular state.
At least, such structures should be the dominant compo-
nents in X(1576).
In this letter, we firstly show that the isospin of the
broad structure should be 1. Then, we study some
consequences of a possible molecule configuration of the
broad structure X(1576), i.e. K∗(892)-κ¯ molecule. We
calculate the ratio of the widths Γ(X → π+π−) :
Γ(X → K+K−) : Γ(X → K+K−π+π−), and further
estimate the branching ratios of the J/ψ → π+π−π0
and J/ψ → K+K−π+π−π0 decays through intermedi-
ate state X(1576).
In order to determine the isospin ofX(1576), BES Col-
laboration mentioned that the J/ψ → KSK±π∓ decay
should be studied [1]. In fact, because the isospin of
the K+K− system can be either 0 or 1, the isospin of
X(1576) can be figured out by examining whether the
J/ψ → Xπ0 decay favors the isospin symmetry. Namely,
if the decay violates the isospin symmetry, the isospin
should be 0, otherwise it should be 1.
If J/ψ → Xπ0 decay violates the isospin symmetry,
J/ψ → Xη decay must favor the isospin symmetry, and
J/ψ → Xπ0 decay should occur through π0-η mixing.
Following Dashen’s theorem [7], π0-η mixing should be
tpiη = 〈π0|H|η〉 = −0.003 GeV2. (1)
Then, the ratio of the coupling constants gJ/ψXη and
2gJ/ψXpi0 is
|gJ/ψXpi0
gJ/ψXη
| = | tpiη
m2pi0 −m2η
| = 0.01, (2)
and the ratio of the branching ratios B(J/ψ → Xπ0) and
B(J/ψ → Xη) is
Rpi0/η ≡
B(J/ψ → Xπ0)
B(J/ψ → Xη) ≈ |
gJ/ψXpi0
gJ/ψXη
|2 = 1×10−4. (3)
On the other hand, BES Collaboration measured [1]
B(J/ψ → Xπ0)B(X → K+K−) = (8.5±0.6+2.7−3.6)×10−4.
(4)
If the isospin of X(1576) could be 0, one should have
B(J/ψ → Xη)B(X → K+K−) ≈ 1
Rpi0/η
B(J/ψ → Xπ0)
×B(X → K+K−)
> 1. (5)
Clearly, it cannot be true. Therefore, one can conclude
that the isospin of X(1576) should be 1, and the ob-
served structure should be the (I, I3) = (1, 0) state of
the iso-triplet. Although the state should be named as
ρ(1576) according to the nomenclature in PDG [3], we
still use X(1576) as its name in the rest of the letter for
consistency.
Assuming the observed broad structure is a vector
isovector state, we consider the possibility assigning it as
a K∗(892)-κ¯ molecule state. The evidences of the con-
troversial κ have been observed in the analysis of the Kπ
scattering phase shifts [8], the Dalitz Plot Analysis of the
Decay D+ → K−π+π+ [9], and the BES data of the J/ψ
decays [10, 11, 12]. Despite of much controversy about
the mass and the width of κ, even the existence of κ, and
of the large experimental error on the mass of X(1576),
in this molecular scenario, the large width of κ could lead
to a large width of X(1576). Now, we estimate the de-
cay widths of some possible two-body hadronic decays of
X(1576). The possible decay channels considered in this
report are X(1576)0 → K+K−, π+π−, K+K−π+π−.
For these channels, the involved coupling constants are
the same, so we can obtain the ratios of of the three
branching fractions without information of the coupling
constants. In the estimation, we take mκ ≈ 750 MeV
and Γκ ≈ 550 MeV which are predicted in the the-
oretical calculations [13]. Using the phase convention
|κ¯0〉 = −|I, I3〉 = −|1/2, 1/2〉, the molecular state with
(I, I3) = (1, 0) can be written as
|X0〉 = 1√
2
|(K∗(892)+κ− −K∗(892)0κ¯0)X〉, (6)
where the subscript X denotes the X state coupled by
K∗(892) and κ¯.
X(1576) state can decay into K+K− by exchanging
non-strange meson between the K∗(892) and κ¯. Con-
strained by the parity and the angular momentum con-
servation laws, among light mesons π, σ and ρ, only π
can be exchanged. In Figs. 1(a) and 1(b), we demon-
strate the decays of the K∗(892)+κ− and K∗(892)0κ¯0
components of X(1576) into K+K−, respectively.
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FIG. 1: Decays of X(1576) → K+K−. (a) and (b) describe
the decays of the K∗(892)+κ− and K∗(892)0κ¯0 components
of X(1576), respectively.
The effective Lagrangian for X(1576)-K∗(892)-κ¯ cou-
pling can be written as
LX = g1√
2
(κ¯~τ · ~XµK∗µ +H.c.), (7)
where the fields of isospin multiplets are:
κ¯ = (κ− κ¯0), K∗µ =
(
K∗+µ
K∗−µ
)
, ~τ · ~Xµ =
(
X0µ
√
2X−µ√
2X+µ −X0µ
)
.
(8)
The K∗-K-π coupling can be obtained from the SU(3)
symmetric Lagrangian [14]
LV PP = i
2
GV Tr([P, ∂µP ]V
µ), (9)
where P and Vµ are 3× 3 matrices, P =
∑8
a=1 λ
aP a and
Vµ =
∑8
a=1 λ
aV aµ with λ
a being the Gell-Mann matri-
ces. And the κ-K-π coupling can be obtained from the
effective Lagrangian [15]
LκKpi = − 1√
2
gκKpi(∂µK¯~τ · ∂µ~πκ+H.c.). (10)
It should be mentioned that these Lagrangians were used
and tested by the others in the meson-meson scattering
and the meson decay processes [14]. Because near the
threshold of a particular channel, the interaction between
the particles in the channel is rather weak, the t-channel
contribution would dominate and the weakly bound ap-
proximation would be a good approximation, namely this
loosely bound system would easily break up to the free
particles of which the corresponding component of the
system was composed. We also enforce a bound state
condition to the system by restricting the invariant mass
in the decay channel being equivalent to the mass of the
decay state. Thus, near threshold a meson-meson inter-
action model would be appropriate for a loosely bound
system.
3With these effective Lagrangians and the isospin sym-
metry, one finds
M(X → K+K−)b = −2M(X → K+K−)a, (11)
where the subscripts a and b denote Fig. 1(a) and 1(b),
respectively. Then, the total decay amplitude of the
X(1576)→ K+K− process reads
MKK ≡M(X → K+K−) = −M(X → K+K−)a.
(12)
In calculating the partial decay width of the X(1576)→
K+K− process, a 3-meson loop, containing K∗, κ and π
propagators, is involved in the transition amplitude (see
Fig. 1). In order to simplify the calculation, the on-shell
approximation for theK∗ propagator is employed in deal-
ing with loop integration, namely, the denominator of the
K∗ propagator is replaced by (−iπ)δ(k2−m2K∗). A sim-
ilar replacement for the κ propagator is also performed.
Then, the decay amplitude can be re-written as
MKK = π
2
2
g1gK∗KpigκKpi
∫
d4k
(2π)4
δ(k2 −m2K∗)
δ((p− k)2 −m2κ)p2 · (k − p1)
ε(X)µ
−gµν + kµkν/m2K∗
(k − p1)2 −m2pi
(2p1 − k)ν , (13)
where gK∗Kpi = GV , and p, k, p1 p2 are 4-momenta of
the X(1576), K∗(892)+, K+ and K− particles, respec-
tively.
For the X(1576)→ π+π− process, X(1576) can decay
via K exchange shown in Fig. 2. The decay amplitude
K
∗(892)+
κ
−
pi
−
K
0
K
∗(892)0
κ¯
0
K
+
X
(1
57
6)
X
(1
57
6)
(b)(a)
pi
−
pi
+
pi
+
FIG. 2: Decay of X(1576) → pi+pi− (a) and (b) denote the
decays of the K∗(892)+κ− and K∗(892)0κ¯0 components of
X(1576), respectively.
for Fig. 2(a) can be obtained from that for Fig. 1(a) by
replacing mpi with mK
M(X → π+π−)a = −2M(X → K+K−)a|mpi↔mK ,
(14)
while the decay amplitude for Fig. 2(b) can be obtained
from M(X → π+π−)a by replacing the momentum of
π+ with the momentum of π−
M(X → π+π−)b = −M(X → π+π−)a|p
pi+
↔p
pi−
. (15)
Then, the total decay amplitude of the process
X(1576)→ π+π− can be written as
M(X → π+π−) =M(X → π+π−)a+M(X → π+π−)b.
(16)
Since the most dominant decay channel for K∗(892)
and κ is the Kπ channel, it is interesting to study the
X(1576) → KKππ decays. Because in the experiment,
the charged particles in the final state are much easier to
be detected than the neutral ones, we only calculate the
X(1576) → K+K−π+π− decay. In this decay, only the
K∗(892)0-κ¯0 component provides non-zero contribution.
The corresponding decay diagram is shown in Fig. 3.
The decay amplitude of this process reads
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FIG. 3: Decay of X(1576) → K+K−pi+pi−.
MKKpipi ≡ M(X → K+K−π+π−)
= −ig1gK∗KpigκKpi p3 · p4
m234 −m2κ + imκΓκ(m34)
× ε(X)µ(−g
µν + pµ12p
ν
12/m
2
12)(p1 − p2)ν
m212 −m2K∗ + imK∗ΓK∗(m12)
,(17)
where p1, p2, p3 and p4 represent the 4-momenta of K
+,
π−, K− and π+, respectively. p12 = p1 + p2 is the mo-
mentum of the K+π− system, and m12 and m34 are the
invariant masses of the K+π− and K−π+ systems, re-
spectively. The energy dependent widths of K∗ and κ
are
ΓK∗(m12) = ΓK∗0
m2K∗ |~p1|3
m212|~p10|3
,
Γκ(m34) = Γκ0
m2κ|~p3|
m234|~p30|
(
m234 −m2K −m2pi
m2κ −m2K −m2pi
)2, (18)
where ΓK∗0 and Γκ0 are the decay widths of K
∗(892)
and κ at rest, respectively, their values are taken to be
ΓK∗0 = 51 MeV and Γκ0 = 550 MeV, respectively,
|~p1| = 1
2m12
√
(m212 − (mK +mpi)2)(m212 − (mK −mpi)2),
|~p3| = 1
2m34
√
(m234 − (mK +mpi)2)(m234 − (mK −mpi)2),
(19)
and |~p10| and |~p30| can be obtained by replacing m12 and
m34 with mK∗ and mκ, respectively.
4Then the partial widths can be calculated by using the
formula [3]
Γ =
1
2mX
∫ ∑
|M|2(2π)4δ(p−
n∑
i=1
pi)
n∏
i=1
d3pi
(2π)32Ei
,
(20)
where
∑
denotes the average over the polarization direc-
tions of the X(1576) state.
Although the value of g1 is not known, the ratio of the
partial widths of three decay modes X(1576) → π+π−,
X(1576)→ K+K− and X(1576)→ K+K−π+π− can be
evaluated as
Γ(X → π+π−) : Γ(X → K+K−) : Γ(X → K+K−π+π−)
≈ 19 : 1 : 0.18. (21)
Whether the estimated decay width ratio of the π+π−
decay mode to the K+K− decay mode is reliable can
be checked by comparing with the ratio in a naive esti-
mation. In the later estimation, if neglecting the mass
difference between π and K, one can naively expect a
ratio of 16, because comparing with M(X → K+K−)a,
there is an extra factor of 2 in M(X → π+π−)a due to
the isospin symmetry, and Fig. 2(a) and 2(b) give the
same contribution.
Note that because the dominant decay mode of the κ is
Kπ and the decay amplitude of κ→ Kπ is proportional
to the coupling constant gκKpi, the large width of the
κ requires that gκKpi is large. The same constant gκKpi
appears in all of the above three partial widths, and hence
it will induce a large width of the X(1576).
The above decay ratio also shows that in the K∗(892)-
κ¯ molecular scenario, comparing with the X(1576) →
K+K− decay, X(1576)→ π+π− decay is much more fa-
vorable, and the X(1576)→ K+K−π+π− decay is sup-
pressed by the four-body phase space.
By using the above resultant ratio in Eq.(21) and
the measured branching ratio B(J/ψ → Xπ0)B(X →
K+K−) [1] in Eq. (4), the following branching ratios
can be estimated:
B(J/ψ → Xπ0)B(X → π+π−) ≈ (0.8-2.2)% (22)
and
B(J/ψ → Xπ0)B(X → K+K−π+π−) ≈ (0.8-2.1)×10−4.
(23)
Comparing with the previously measured branching ra-
tios B(J/ψ → π+π−π0) = (1.5 ± 0.2)% and B(J/ψ →
K+K−π+π−π0) = (1.2 ± 0.3)% [3, 16], there is still a
room for interpreting the X(1576) state as a K∗(892)-κ¯
molecular state. If this state really exists, the interme-
diate state X(1576) should provide a dominant contri-
bution to the decay width of J/ψ → π+π−π0, but not
significant contribution to the decay width of J/ψ →
K+K−π+π−π0. Therefore, in the invariant mass spec-
trum of π+π−, one should observe this resonant struc-
ture even easier. Moreover, this feature can somehow be
used to distinguish the structure of the X(1576) state. In
the qsq¯s¯ (q = u, d) tetraquark model, the ππ decay mode
would be much suppressed [17, 18]. In the KK¯ molecular
state model, such decay modes would also be suppressed
in comparison with the KK¯ decay mode since the non-
strange decay modes will take place through KK¯ → ππ
conversion. Therefore, the relatively larger branching ra-
tio of the non-strange decay mode is a strong signal of
the K∗κ¯ molecular model. We suggest to search the res-
onant structure in the J/ψ → π+π−π0 decay channel by
using the high statistic BESII data. It is also valuable
to re-analyze the K+K−π+π− invariant mass spectrum
carefully by using the data of the J/ψ → K+K−π+π−π0
decay, although it is not so easy.
The X state can also decay into other channels. For
instance, φπ channel would not be forbidden by any sym-
metry and can take place through quark recombination,
namely the s quark in K∗ and the s¯ anti-quark in κ¯ can
be combined into a φ meson, and the rest quark and
anti-quark can be combined into a π meson. The decay
rate of such a channel in this scenario should further be
investigated.
In summary, by utilizing the π0-η mixing mechanism
of the isospin violated decay, we can assign the isospin
of the newly observed broad structure X(1576) to 1 defi-
nitely. If the observed broad structure is a physical state,
it is difficult to interpret it as a conventional qq¯ vector
meson or a glueball or a hybrid state. We propose a pos-
sible K∗(892)-κ¯ molecular state interpretation. In this
scenario, the large width can be understood easily. We
further estimate the decay properties of X(1576). Our
results show that the X(1576) → π+π− decay mode is
much more favorable than the X(1576) → K+K− de-
cay mode. By comparing with the J/ψ decay data taken
previously, this resonant structure should also appear in
the J/ψ → π+π−π0 and J/ψ → K+K−π+π−π0 decays
in this scenario. In order to confirm this state, we sug-
gest to re-analyze the data of the J/ψ → π+π−π0 and
J/ψ → K+K−π+π−π0 decays collected at BESII. How-
ever, there are other possible molecule and tetraquark
configurations [17, 18] that will result in different predic-
tions. The concrete consequences of other decay chan-
nels and other possible molecule configurations, such as
K+K−, will be studied in the future.
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